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ABSTRACT 


In the present work, an attempt is to made to develop a standard design algorithm for 
Intze tanks. The entire superstructure and substructure of the water tank is divided into 
three parts, viz. the tank, the supporting frame and the foundation. The effects of wind 
and earthquake are also considered for the design of water tank. The analysis of the tank 
is done into two stages - the membrane analysis and the continuity analysis. An 
approximate method is used for the analysis of staging type-supporting frame, whereas, a 
method based on thin plate theory is used for the analysis of annular type foundation. 
Finally, an algorithm is developed based on the review of available codal 
recommcndatit)iis, analysis methodologies and design data so that a standard and concise 
design basis is available. 
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Chapter L 

Introduction 
1.1 General 

Out ol the several shapes used in the water tanks, Intze tank has gained some popularity 
because of its dominant membrane action. Structurally and architecturally, it has some 
advantage while making the best possible use of circular shapes. The intersections 
between the elements when made .symmetrical result in only minor perturbations. The 
main advantage of intze tank is that the outward thrust from the top of the conical part is 
resisted by the middle ring beam while the resultant of the inward thrust from the bottom 
of conical dome and the outward thrust from the bottom dome are resisted by lower ring 
beam. The proportions of the conical dome and bottom dome are so arranged that the 
outward thru.st from the bottom dome is balanced by the inward thrust due to the conical 
dome. 

(hilstandiiig progress has been achieved in the field of devising better design 
solutions, for intro tank in the last four decades at the advent of the electronic digital 
computer. A conscious -ei^ineer has to investigate several alternative designs, and, has to 
select the best one among ttem. Many possibilities obviously exist, with clearly defined 
extremes. One extreme is to utilize the computer capability to fullest and ‘automate’ this 
search; the other extreme is to utilize human intuition in an ‘interactive manner’ to guide 
the computer in Its calculations. A definite need exists for development of a standard 
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design algorithm based on the current codal recommendation in order to help the 
professionals. 

1.2 Literature Review 

Some published literatures are available for the accurate analysis and design of Intze 
tanks. Rao [ 1 ) has reviewed the effect of container geometry on the wind, earthquake 
forces and moments on the staging and foundation of the tank to achieve minimum 
weight or material content of the container. Arya [2] made an attempt to simplify the 
problem by setting down the many expressions involved in a convenient form, and, 
tabulating the numerical data for various shells in terms of dimensionless parameters 
suitable for use with any units and any combinations of shells or applies loads. Sameer 
and Jain [3| proposed a simple approximate procedure to estimate the lateral stiffness of 
the tank staging. These are based on the portal frame and moment distribution methods, 
which have been suitably modified to account for the bracing flexibilty and three- 
dimensional bcluivior of the structure. Jain and Singh [4] presented a short and efficient 
programme for the accurate analysis of Intze tank. The method involves membrane 
analysis followed by an effect of continuity analysis. Arya [5] proposed a ring beam on a 
solid or an annular raft with the object of minimizing the moments in the foundation raft. 
He also calculated radial and tangential moments in a solid or an annular raft under 
combined vertical and lateral loads. Rao [6] presented data in the form of graphs, which 
simplify the analysis of annular foundation for structures like water tanks. Jain and 
dCrishna [7] proposed that the Intze type tank is the economical one m the capacity range 
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between 225 kl and 1800 kl. Some designs for various capacities of Intze ti 
available at Uttar Pradesh Rajkiya Nirman Nigam Limited, Lucknow[8]. 


1.3 Scope of the Present work 


In this study, a standard design algorithm for the dej 
tank is developed based on the review of available codal recommendati 
methodologies and design data. 



Chapter 2 

Preliminary Design 

2.1 Introduction 

In the present work, emphasis has been laid on the preliminary design of intze water tank 
structure, taking into account its strength and stability, for the given tank-capacity. The 
main purpose of preliminary design is to arrive at the different relevant dimensions of the 
different components of intze tank, in order to make a start in the design process. It also 
helps in obtaining the needed information for making preliminary review for the 
feasibility of constructing a tank in respect of both technical and financial aspects, at the 
preliminary stage. The process involves approximate and simple analysis for structure 
based on certain a.ssumplions, current practice, codal recommendation and past 
experience. 

The complete water tank structure can be considered as a combination of 
the three components viz., container or tank, staging or supporting frame and foundation 
(Fig. 1 ). C'ommonly adopted practice for the preliminary design is discussed in sequence 
in the following. 

2.2 Preliminary Selection of Container-Dimensions 

2.2.1. Using the empirical formula suggested by Rao [1] 

Referring to the notation given in Fig 2. The capacity V of the container is given by 

V=KvD3 (2.1) 
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Top Dome 



-Middle ring beam 


-Conical dome 


-Lower dome 


Bottom ring beam 


-Staging 


Bracing 


Ground level 

■■■■■■■■■■■■■I Foundation 


Fig. 1 IntzeTank 
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Where, 


K 2 + ^(1 + + Kl + AKl) 

i 6 

The parameters, Ki to K5 characterize the geometry of the tank as illustrated in Fig. 2. 
The parameter K5 related to the slope of the cone, <j)o and K3 is given by 
A's = 0.5(1 -/C:,)tan<zJo 

The magnitude of Ky depends on the parameter K2 to K5. Different authors suggested 
values of the parameters, which give economical container design. The typical values are 
presented in Table I . 

2.2.2 According to Jain & Jai Krishna [7]: 

The diameter of the bottom dome should be about 70% of the diameter of the container. 
For economy, the inclination of conical dome may be 50® to 55® with the horizontal. The 
rise of the domes should be about 1/5 to 1/8 times the diameter of the tank. 

Based on the conskleration of the above approximate dimensions for the different 
components of container, and inclination of conical dome with horizontal, the capacity of 
water tank can be estimated in the following way. 

Referring to the notations given in Fig 3, the capacity V of the container is given by: 

7C 

Volume of liquid in the cylindrical portion of the tank (Vj) = —D^h (2.2) 

Volume of liquid in the conical portion (V2) + Dl + DDq\ 

i JU 



6 




24 L 0 j 

V3=i^^[3k'+4k^] (2-4) 

24 

The net capacity of tank (V) = Vi + Vi - V3 

= + lEiEiMiz*!) _ + <] 

4 24 24 


V = -^ ^ + tan<Po(l-k')-ko(3k' + 4k^) (2.5) 

The paninicters, k, <(>0 and ko characterize the geometry of the tank as illustrated in Fig. 3. 
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2.2.3 According to U.P.R.N.N.L. [8]: 


The ratio ot height (h) and diameter (D) of cylindrical container shall be so fixed that 
height of container (h) is always equal to D/(3.5 to 4.5). The ratio of diameter (D) of 
cylindrical container to staging diameter (Do) shall be so fixed that staging diameter is 
always equal to 0.68D to 0.78 D, The inclination of conical dome may be 45^ to 50*^ with 
the horizontal. The rise of the domes should be about 1/5 to 1/8 times the diameter of the 
tank. 

Referring to the notations given in Fig 4. the capacity V of the container is given by: 

Volume of liquid in the cylindrical portion of the tank (Vi) = —D^h 

4 


Tzk^D^ 

4 


( 2 . 6 ) 


Volume of liquid in the conical portion (V 2 ) = 


12 




V ^an(PoD^(l-k2) 

^ 24 


(2.7) 


The volume of the segment under the bottom spherical dome (V 3 ) =-^[ 3 i ?2 -^] 





\ '‘2 


+ A, 


-h, 


o 


8 



V., 


_ 

~1a 


^Dl+Ah 


24 


V, 


jrk,!)’ 


[3^^D' + 4A:^D-] 

N+4k^] 


'I'he net capacity of tank (V) ■- Vi + V2 - V3 

= 5.^ />’ + ^tan(l)o£>-^(l-A,^) _ itk^P' r ^ ^ 

A 0/1 k’ 2 3 i 


24 


24 


( 2 . 8 ) 


V = + tanq)o(l - k’)- k3(3k^ + 4k3')] 


(2.9) 


I'he parameters, ki, k 2 , k.i and <l>o characterize the geometry of the tank as illustrated in 
Fig- 4. 

2.2.3 Suggestions of Dayaratnam [91: 

Dayaratnam .suggested the approximate dimensions and reinforcement details for tanks of 
different capacities of thank. Table 2.gives the recommended dimensions of tank, Table 3 
gives the details of top dome and ring beam, and Table 4 and 5 give the details of tank 
wall, middle ring beam and conical wall. 
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Table 1. Geometrical parameters of container 



K, 

K2 

K3 

K4 

Ks 

Billig[101 

0.125 ' 

0.60 

0.625 

0.125 

0.188 

Reynolds and 

0.125 

0.66 

0.625 

0.125 

0.188 

Studman (11] 






Jain et, al-iisj 

0.125 




0.179 

Rao <tRagha\an [13] 

”'0.125 

1 

0.25 



0.238 
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Table 2: Typical dimensions of intze tank (all dimensions in mm) 
(For notations see Fig 2.) 


No. 

Capacity 

(Kl) 

R 

h 

hi 

h2 


ho 

1 

300 

4500 

4450 


^mm 

3375 

1125 

2 

■■ 

Hi 

mm 


1550 

3750 

1250 

3 

500 

5500 

4900 


■H 

4125 


4" 

600 


4850 

1600 

I860 



5 

700 

6500 

4800 

1740 

2010 

4875 

1625 

6 

800 

7000 

4650 

1875 

2170 

5250 

1750 

7 

900 

7250 

4900 

1940 

2250 

5440 

1810 

8 

1000 

7500 

5100 

2010 

2330 

5625 

1875 

9 


7750 

5250 

2080 

2400 

5810 

1940 

i 0 ' 

1200 

7800 

5350 

2140 

2480 

6000 

H 

11 


8250 

5400 

2210 

2560 

6190 


12 ” 

1400 

8500 

5500 

2280 

2640 

6375 

2125 

13 

1500 

8750 

5550 

2340 

2720 

6560 

2180 

14 

1600 

imgm 

5550 

2410 

2800 

6750 

2250 

15 

1700 

9250 

“ 5550 

2480 

2870 

6940 

2310 

16' 

1800 

950(j' 

5550 

2550 

2870 

7125 

2375 

17 

1 900 

975 b”’'' 

5250 

2610 

3030 



18 

2000 

10000 

5550 

2680 

3100 

7500 

2500 

19 

2100 

10250 

5500 

2750 

3180 

7690 

2560 


Table 2 continued.... 


14 



















































































Table 2 (continued) 
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laoic J 


15 

1700 

100 

8 

200 

340 

20 

6 

10 

180 

690 

16 

1800 

[oo 

8 

200 

340 

22 

6 

10 

180 

690 

17 

1 900 

100 

8 

200 

350 

22 

6 

10 

160 

710 

18 

2000 

100 

8 

200 

360 

25 

6 

10 

160 

725 

19 

2100 

100 

8 

200 

360 

25 

6 

10 

160 

725 

20 

2200 

- J - - - 

8 

200 

375 

25 

6 

10 

160 

740 

21 

2300 ' 

loF" 

T” 

200 

L- 

380 

25 

6 

10 

160 

760 

“22“'’ 

”400""“ 

i 


8 

200 

380 

25 

6 

10 

160 

760 

"’23 

' 2500 

! 

' 100 

[ 


^’otT" 

380 

25 

6 

10 

160 

760 


<|> = Diameter of main bar, N = Number of main bars, <t)v= Diameter of ties, 
s ” spacing of reinforcement for single layer, t = thickness, b = width. 
Table 4: Structural details of cylindrical wall, middle ring beam 

(ail dimension in mm) 




Detail of wall at bottom 

Middle ring beam 

Hoop 


Vertical 


Main 

Stirrups 

No 

( 'apaciiv 
(KI) ' 

l 

<!> 

s 

* 

S 

b 

Depth 

<|) 

N 

•t) 

s 

'l 

300 

155 

16 

J 

110 

10 

130 

550 

150 

20 

4 

8 

150 


400 

185 

16 

100 

10 

130 

700 

150 

20 

4 

8 

150 

3 

500 

210 

16 

100 

10 

130 

825 

150 

20 

4 

8 

150 

4 

600 

225 

16 

100 

iT 

130" 

995 

150 

22 

4 

8 

150 

5 

700 

240 

18 

lOO" 

10 

125 

1000 

160 

22 

4 

8 

150 


T able 4 continued. . . . 
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Table 4 (continued) 
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Table 5 Structural details of bottom dome and conical wall (all dimension in mm) 




Bottom dome 

Conical dome 






Hoop 

Inclined 

No 

Capacity 

(Kl) 

t 

B 


t 

B 


B 

s 

I 

■i 


B 

150 

215 

22 

120 

12 

160 

2 

■1 

150 

8 

150 


22 

120 

12 

160 

3 

500 

160 

8 

■ 

290 

22 

120 

12 

160 

4 

600 

160 

8 


315 

22 



160 

5 

700 


8 

125 

335 

25 

140 

12 

125 

6 

800 


10 

200 

350 

25 

140 

12 

B 

7 

900 

160 

10 

200 

380 

25 

no 

12 

B 

8 

1000 

m 

10 

200 

410 

28 




9 

1100 

180 

10 

200 

435 

28 

no 

12 

B 

' 10 ' ' 

1200 

200 

10 

200 

460 

28 



B 

'll 

1300 

200 



480 

28 

120 



12 

1400 

200 

mi 

200 

500 

28 

120 

12 

125 

13 

1500 

225 

12 

225 

520 

28 

no 

12 

125 

~ 

1600 

225 

B 


535 

28 

no 

12 

125 

15 

1700 

225 ' 

12 

225 

550 

28 

no 

12 

125 

16 

~1800 

225 

12 

225 

565 

28 

no 

12 

125 


Table 5 continued.... 
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Tabic 5 (conlinued) 


17 ' ’ 

1800 

225 

12 

225 

580 

28 

100 

12 


18 

2000 

22 S 

12 

225 

590 

28 

100 

12 


19 

2100 

250 

12 

225 

605 

28 

100 

12 


20 

2200 

250 

12 

225 

620 

28 

100 

12 

125 

21 

'2300“"” 

'““250“'“" 

12 

225 

630 

28 

90 


125 

22 

' ”"24()0 ”” 

250 

12 

225 

635 

28 

90 


125 

' 23 

2500 
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The radii (Ri, R 2 ) and the corresponding dome —angle (<|), (j>i) of the top and bottom 
domes (Fig. 5) are given as: 


Radius of top dome (R^ ) ■■ 




+ h 


sin(|) = R/Ri 


Radius of bottom dome(i? 2 ) 






sm<j)i = Ro /R 2 


( 2 . 10 ) 


( 2 . 11 ) 


2.3 Preliminary Selection of Staging Configurations: 

The number of coluntuis to be adopted is decided based on the column spacing, which 
normally lies between .3.6 and 4.5 m [14]. For a given staging height, the height of each 
panel lies between 3.5 to 4.5 m [8]. The shape of the columns are generally taken as 
circular. The size of the column lies between 400mm to 600mm in diameter and the size 
of bracing lies between 200mmx450mm to 250mm x 750mm [8]. 

2.4 Preliminary Design of Foundation: 

In order to obtain rigidity at the column base, combined footing is generally provided for 
intaj tank. Depending upon the allowable soil bearing pressure, the combined footing 
maybe either in the form of a solid circular raft or an annular circular raft. For 
determining the approximate area of foundation, the value of total vertical load on 
foundation may be assumed as 140 to 150 percent of weight of water [8]. Depths of 
foundatk»n depend upon the property of soft. For the earthquake condition the value of 
soil being capacity is genotally increased by 50 percent [15]. 
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Chapter 3 

Analysis and Design of Water Tank 
3.1 Introduction 

After the completion of the preliminary design, the next task is to perform the complete 
and thorough analysis and design of the entire tank structure following a suitable 
sequence. Presented in the following, is the currently adopted methods of design of 
different components of the structure based on well established approaches. 

The container is designed for uncracked condition using working stress method. 

In limit states method, generally, the concrete section is assumed to be cracked, and, 
hence, the limit states method is not suitable for the container design. 


3.2 Analysis and Design of the Container 

The Intze tank consists of four shells, i.e. two spherical, one conical and one cylindrical 
shell, which are connected by three ring beams as shown in Fig.l. The gravity loads and 
the associated forces on each shell are symmetrical about the axis of revolution, and, pure 
membrane state of stress would exist so long as each shell is simply supported at its edge, 
i.e. it is able to undergo resulting edge displacements without restraint, while the supports 
supply tbe necessary reaction to balance the meridional forces. But in the Int2e tank, at 
the junction of shells, the edge displacements are actually restrained. Thus the complete 
analysis requires both membrane and continuity analysis. 
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3.2.1 Membrane Analysis and Design: 


3.2. 1. 1 Top spherical dome: The top dome can be designed for the meridional 
thrust at the edge and for maximum hoop force as shown in Fig. 6. 

Assuming thickens of dome = t mm 

Total force P per sqr m of dome = txy^ + LL (3.1) 

Where Yc- unit weight of concrete 

L. L. = live load (including snow load) 

PR 

Meridional thrust at edge (Tj) = — (3,2) 

1 + cos^ 

Meridional stress (omd ) = Ti/t 

Maximum hoop force (T^) = — ^ at <f>=0 (3.3) 

1 + C0s4» 

Maximum hoop stress (Ohd) = Tz/t 

If the stresses are within the safe limits, minimum reinforcements are to be provided. 
According to the relevant Indian Standard Code [14], the minimum reinforcement in 
wall, floors and roofs in each of the two directions at right angles, shall have an area of 
0.3 percent of the concrete section in that direction for section up to 100 mm thick. For 
section of thickness greater than 100 mm and less than 450 mm, the minimum 
reinforcement in each of the two directions shall be linearly reduced from 0.3 percent for 
100 mm thick section to 0.2 percent for 450 mm thick section. For section of thickness 
greater than 450 mm, minimum reinforcement in each of the two directions, shall be kept 
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at 0.2 percent. In concrete section of thickness 225 mm or greater, two layers of 
reinforcing steel shall be placed one near each face of the section to make up the 
minimum reinforcement. 

For example, for top roof dome thickness up to 100 mm; 

Area of minimum reinforcement (for stress less than the permissible stress of concrete)= 


^sV 


0.3xfxl 

' To^ 


per unit length 


(3.4) 


lOOOxA 

Spacing of reinforcement c/c in both directions (S, ) = ^ (3.5) 

' A,! 

Where A,|, = Cross-sectional area of each bar (generally using 8 mm (|) bars) 


3.2.1.2 Top Ring Beam Bi: The meridional thrust, Ti, exerts a vertical load Tj sinej) 
on the wall and also it imposes an outward radial force Ti cos<t) which cause hoop tension 
in the ring beam Bj as shown in Fig. 7. 

Radial outward reaction from top dome (Pi) = Ti cos<j) N/m 

Total hoop tension tending to rupture the beam= PixD/2 

PixD 

Area of reinforcement in beam (A ^) = (3.6) 

^2 a^^x2 

Where permissible stress in high yield strength deformed bars. 

Number of bars (Na) = A^/ A^i 
Where A^t - ('ross-.section area of each bars. 

The area of cross-section of ring beam Bi 


A 


bl 


PjxD 


-(m-l)Ag2 


(3.7) 
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Abi=6lxJi 

Where ate = Allowable tensile stress of concrete 
m = modular ratio 

b] and di are width and depth of ring beam Bi 


3.2.1.3 Cylindrical tank wall: The wall is assumed free to deform at both edge and 
is thus under a pure hoop tension. The maximum hoop tension can be foimd at the bottom 
and the wall can be designed to resist this hoop tension. As the pressure varies linearly 
with depth, hoop tension will also vary linearly as shown in Fig. 8. 

Hoop tension at any depth = Ph D/2 , where Ph is the pressure at depth h. 

According to the relevant Indian Standard Code [15] the pressure on the wall due to 

earthquake (i.e. hydrodynamic pressure) given by: 


^wh = <!>' 


y 

1 r 

h 

2I 


Z 

V A ; 


tanh Vsl 




Kh J 


(3.8) 


Where h, y, R and ^ are as defined in Fig. 9. 

It will be maximum at the base of the wall corresponding to the values of ^ and y being 
equal to zero and h, respectively. 

Consideration in design is made for the following two different cases: 
a) For Earthquake condition 
Hoop reinforcement: 

Maximum hoop tension (at the base of the wall) (P 2 ) is given by; 

Area of steel at the base of wall ( Ass) = P2/(l-33 Ost) (3.10) 
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Providing horizontal reinforcements on both the faces, area of reinforcement on each 
face is As3/2. 


- 1000xA,9x2 

Spacing of horizontal reinforcements at bottom(S^) = (3 1 1) 

^ ^33 

Since the hoop tension is to be approximate varies linearly then the area of reinforcement 
and spacing also varies from bottom to top. 

Distribution reinforcement: 


1 ( P 

Maximum thickness of the wall )= 2. ('m-DA^o (3. 12) 

vwmax^ 1000l^L33otc ^ ^ s3J v ^ 

The minimum thickness (tw min) of wall is to be assuming by the help of the preliminary 
design. 

Average thickness of wall (twave), = (tw max"^ tw min)/2 (3.13) 

Percentage of steel distribution (r) =0.3 — *iwayerIOQ__ (3.14) 

I twmax~t\vave J 


rxr^^^xlOOO 2 

Area of distributions reinforcement (^^4 ) “ ijTjT 


Area of reinforcement on each fece = Assf2 


Spacing of distribution reinforcement (S3) =2(1000 x A^)! As4 


Where A^ is area of reinforcement, 
b) Without con.sidcring Earthquake condition: 


Hoop rcinforeeinent: 

Maximum hoop tension (at the base of the wall) P'2 = w h D/2 

Area ofsteel at the base of wall (A*s 3 )= PV(nst) 


(3.15) 

(3.16) 


(3.17) 

(3.18) 
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Providing horizontal reinforcements on both the feces, area of reinforcement on each 
face is A’s 3/2. 


Spacing of horizontal reinforcements at bottom (^3) ^ 


lOOOxA 


(p2 


1 

^s3 


(3,19) 


Since the hoop tension is to be approximate varies linearly then the area of reinforcement 
and spacing also varies from bottom to top. 

Distribution reinforcement: 


Maximum thickness of the wall “ 


wmax" 1000 


^ p\ 


cr, 




tc 


(3.20) 


J 


The Minimum thickness (fe min) of wall is to be assuming by the help of the preliminary 
design. 


Average thickness of wall (t‘ wavg).= (t* wmax+ twmin)/2 


Percentage of steel distribution (^b = 0-3 ■ 


t^wave-100 
^wmax “^wmin 


(3.21) 


r^x/^>vavexl000 2 

Area of distributions reinforcement 54)- (3.22) 

Area of reinforcement on each fece = A ^2 
Spacing of distribution reinforcement (S' 3) =2(1000 x A^)/ A' s 4 (3.23) 
Where is cix).ss-section area of reinforcen^nt. 
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Circular tank (Plane) 
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Circular Tank (Elevation) 

Fig.9 Plane and Elevation of Cylindrical tank wall 
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3.2. 1.4 Ring beam B 3 : This Ring Beam is designed to resist the hoop tension caused 
by vertical load (due to weight of top dome, upper ring beam, cylindrical wall and self 
weight of middle ring beam B3) at the junction of wall with conical dome as shown in 


Fig. 10. 

Load of top dome (Wi) = T 1 sinci) (3.24) 

Load due to ring beam Bi (W 2 ) = di (bi- twave) X 1 X yc (3-25) 

Load due to tank wall (W 3 ) =h x t^ave x 1 x yc (3.26) 

Self weight of beam B 3 (W 4 ) = (b 3 -tw max) xlxyc (3.27) 

Total load on beam (W5) = W, +W2 + W3+ W4 (3.28) 

Hydrostatic pressure on the beam (Pbs) = w h d 3 (3.29) 

Hydrodynamic presser on the beam Phd,b = (Pwh )at =0 and y = h x b 3 (3.30) 

Consideration in design is made for the following two different cases: 
a) For Earthquake condition 


Hoop tension in the ring beam (P 3 ) = ( W 5 tan<})o + Pbs +Phci,b) x D /2 (3.31) 

Where 4*0 is the inclination of conical dome with vertical. 

Area of hoop reinforcement (A« 5 ) = P 3 / 1 . 33 o-st (3.32) 

Number of bars (N 3 ) = As 6 /A 4,4 

Tensile stress in equivalent section (crtc) = P 3 / {b 3 X ds +(m-l) As 5 } (3.33) 

b) Without considering Earthquake condition: 

Hoop tension in the ring beam (P' 3) = ( W 5 tan4)o + Pbs ) x D /2 (3.34) 

Where 4)o is the inclination of conical dome with vertical. 

Area of hoop reinforcement (A* s 5 ) = P’ s/crst (3.36) 

Number of bars (N 3 ) = A’s 5 /A 44 
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Tensile stress in equivalent section (o-,c) = P'3/ (ba x da +(m-l) A‘s5 } 

3.2. 1,5 Conical dome: The conical dome supports a uniform vertical load from walls 
at its top edge. At top of the dome a hoop tension is created which exerts a radial inward 
force at each slanting strip (dome is assumed as consisting of individual slanting strips 
monolithically joined) and opposes its rotation outward. The magnitude of the radial 
force created at top edge is so much that combining with the vertical load, the resultant 
lies along the meridian of conical dome. Thus the vertical load at top edge of the conical 
dome is supported by it with the creation of meridional thrust and a hoop tension. The 
water pressure on conical dome and its own weight acting at any point give rise to hoop 
tension at each plane, whose inward reaction, together with water pressure and weight of 
dome, cause a resultant force which is meridional. All the forces are shown in Fig. 11. 

3.2.1.5.1 Meridional thrust: 

Weight of conical dome (W^) = n — — — x 1 x t^ (3.37) 

L \ 2 j J 

where, I = +h^ 


Weight of water resting directly on conical dome 

Total weight above beam (B 2 ) Wg = W 5 X tt D + Wg +W 7 (3.39) 

Vertical load per meter W 9 = Wg /tt Do (3.40) 

Minimum meridional thrust at conical dome (T 3 )= W 9 / cos4)o (3.41) 

Meridional stress (amcon ) = T 3 / toon 


3.2. 1.5.2 Hoop tension: Due to water pressure and self- weight, the conical dome is 
subjected to hoop tension 

Diameter of conical dome at height h* from baseD* = Do + (D - Do ) hV2 (3.42) 
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(3.43) 


Self weight of conical dome per meter square ( Wio ) = tcon x 1 x 1 x 7 ^ 
Intensity of water pressure at height h‘ from the base P 4 = (h + ho -h‘ ) x 7 ^ 
Hoop tension in the ring at height h’ above base 


T. 


COS(f)Q 


+IFjQtan<j)o 



Hoop tension in the ring will be calculated at height h'=0 to h* =ho 

For maximum value of hoop tension in the ring dXVdh' = 0, 

,1 ^ioSin<i)„(£>-Z)o) (h + hJiD-D^) ^ 

From which, = — ezi 2 Z_£) 

2 y. 2 


3.2. 1.5.3 Design of wall: 

Meridional stress = amcon 

Maximum hoop tension in the ring = T 4 max 

Area of hoop reinforcement (As e) = T 4 max/ o"st 
Area of hoop reinforcement in each frice = A® 6 /2 

Spacing of bars (S 4 ) = (1000 x A<,> 5 ) x 2/As 6 


Maximum tensile stress in composite section (a ) 


^4max 


(t^^„xl000]f(m-l)45 


(3.44) 


(3.45) 


(3.46) 


(3.47) 


(3.48) 

(3.49) 


Cct should be less than the permissible value. 

If (Tct is greater than the permissible value then the thickness of conical dome is to be 
increase. 
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Percentage reinforcement in meridional direction 


0.3- ^cmax-100 (3.50) 

^ t -t • 

L cmax cmm J 

Area of reinforcement in meridional direction ( As?) =(ri X tc x 1000)/100 (3.51) 

Area of meridional reinforcement on each face = As7/2 

Spacing of meridional reinforcement (S5) =2(1000 x A^)/As7 (3.52) 

3.2. 1.6 Bottom dome: Like the top spherical dome, the bottom dome also develops only 
compressive stresses both meridionally and along hoops as shown in Fig. 12. 

Weight of water above the surface of the dome 

(3.53) 

Where Ho is the total depth of water above the edge of the dome. 


Self-weight of the dome (W12) = 2% x R2 X h2 x t,^. Xjc (3.54) 

Total load (W13) = W, 1+W12 (3.55) 

Meridional thrust (T 5 ) = Wi3/( Do Sin 4 )i) (3.56) 

Meridional stress (Cmbd) = Ts/tbd 

Intensity of load per unit area (Wh) = Wi3/(2 Jc R 2 h 2 ) (3-57) 

Maximum hoop stress at center (crhbd) = W14 R2/2tb<i 


If the hoop and meridional stresses are within allowable limits, minimum reinforcements 


are to be provided. 


Area of minimum percentage reinforcement ^7 = 0.3- ^ xO.l (3.58) 

^ 450-100 


W = 

'^11 




-(3Rj-h,) 
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Fig. 12 Forces on bottom dome 


T3 



Fig. 13 Forces on bottom ring beam (B 2 ) 
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Area of minimum reinforcement (Ass) = (ra xbbd xdbd)/100, in each direction 
(meridional as well as hoop). 

Spacing of bars in each direction (Se) = (1000 x A^ 7 )/As 8 
3.3.1.7 Ring Beam Ba: This beam receives an inward inclination thrust from the conical 
dome and inclination outward thrust due to the reaction from the bottom spherical dome 
as shown in Fig. 13. The vertical components of these two thrusts add up and the ring 
beam is design for this load. Their horizontal components oppose each other and 
depending upon their relative magnitudes, the ring beam is subjected to either hoop 


tension or hoop compression, and, can be designed accordingly. 

Horizontal force (P 5 ) = T 3 Sin<|)o -T 5 Cos<|>, (3.59) 

Hoop stress in beam (cThbb) = (Ps Do)/2 bi 6.2 (3.60) 

Vertical load per unit length (W 15 ) = T 3 Cos<|>o +T 5 Sin4>i (3.61) 

Self weight of beam B 2 (Wie) = b 2 x d 2 x 1 x yc (3.62) 

Total load on beam (W, 7 ) = W, 5 +W , 6 (3.63) 

Maximum negative bending moment at support (Mo) = Cj W 17 R^o 26 (3.64) 

Maximum positive bending moment (Me) = C 2 W 17 R^o 29 (3.65) 

Maximum torsional moment (M*J = C 3 Wi 7 R^o 26 (3.66) 

Where Ci, € 2,03 are the coefficient of bending and twisting moment 
26 = iTr/n, where n is the number of columns. 

Required depth of beam i/- = | (3.67) 

2 


Where M is the maximum bending moment. 

Maximum shear force at support (Fo) = W 17 Ro 6 (3.68) 
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Shear force at any point (F) = Wi7Ro(6-a) 


(3.69) 


Shear force at the point of maximum torsional moment ( Fm) = Wi? Ro ( 0 -ctm) (3.70) 
Bending moment at the point of maximum torsional moment 

Mam (sagging) =Wi7 R^o (0 sinam + 0 Cot0 Cosam - 1) (3-71) 

The torsional moment at any point 

M *a =Wi7 R^o {0 Cosa - 0 Cot0 Sina - (0 -a)} (3.72) 

At the support a = 0, Mo 0 
At the mid-span a =0, M*c = 0 

Hence the following combinations of bending moment and torsional moment are 
obtained: 

(a) At the point of maximum torsion: 

Bending moment =Ma and Torsional moment = M*„m 

(b) At the support: Bending moment = Mo and Torsional moment = M*o 

(c) At mid span : Bending moment = Me and Torsional moment = M‘c 

The c/s area required for the main reinforcement is obtained with the consideration of the 
above three conditions. 

(i)Main Reinforcement 

(a ) Section at point of maximum torsion 

T = MU 
M„ = M 

Equivalent bending moment )=M + T 


1 + 


1.7 


(3.73) 
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Area of steel (As 9 ) = Me i/(ast j da f) 


(3.74) 


Numbers of bars (N4) = As9/A<,,7 
IfT > M, the compression reinforcements are to be provided. 


Equivalent bending moment ^ 



-M 


(3.75) 


Compression reinforcement (Asio) = Me2/(o‘st j da f) ( 3 . 76 ) 

Numbers of bars (N5) = Asio/A^y 

(b) Section at maximum hogging bending moment (support): 

Mo= Mmax » Mo =0 

Area of steel (Asi i) = Mo /(era j da f) (3.77) 

Numbers of bars (Ne) = Asu/A^a 

(c) Section at maximum sagging bending moment (mid-span): 

Maximum bending moment at center= Me 

Torsional moment (IVfc) = 0 

Area of steel (Asia) = Me /(ca j da f). Numbers of bars (N?) = Asia /A^,? (3.78) 

(ii) Transverse reinforcement: 

( a ) At point of maximum torsional moment: 

At the point of maximum torsion shear force (V) = Fm 

Equivalent shear force (Ve) = V + 1 .6 T/ ba (3.79) 

Shear stress (Xy e) = Ve/ba da (3.80) 

Xy e should be always less than Xc max otherwise the section is to be redesign [16]. 
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If Tv e > Xc, shear reinforcement is necessary, otherwise minimum shear reinforcements 
are to be provided [16]. 

Cross section area of the stirrups [17] 


2.5A^ 


(3.81) 


Where b' = center- to- center distance between comer bars in the direction of the width. 

d’ = center- to- center distance between comer bars in the direction of depth. 

But the total reinforcement shall not be less than (xve- Xc) bz Sv/ctsv 

The spacing of the stirraps shall not exceed the least of xi, (xi+yi)/4 , and 300 mm, where 

xi and yi are the respectively the shorter and long dimension of the stirrup. 

(b) At the point of maximum shear (supports): 


Shear stress Tv= Fo /ba da 


Xv should be always less than Xc max, otherwise the section is to be redesigned [16] 

If Xv > Xc, then shear reinforcement is necessary, otherwise minimum shear 
reinforcements are to be provided [16]. 

Vc = Xc X ba da 

Design shear force (Vs) = Fo - Vc (3.82) 

The spacing of stirrups (Svi) = (cjsv x Asvi x da)A''s (3.83) 

Where Asvi= area of 4-leggd stirrups. 

(c)At mid-span: At the mid-span, shear force is zero. Hence rrdnimuni/noirdnal 
reinforcement are to be provided. 

Minimum shear reinforcement in the form of stirrups shall be provided such that [16] 
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(3.84) 


'^svl ^ 

Where Asv 2 = total cross-section area of stirrups legs effective in shear, 

Sv 2 = stirrups spacing along the length of the member, 
b 2 = breadth of the beam or breadth of the web of flanged beam, and 
fy = characteristic strength of the stirrup reinforcement in N/mm^ which shall 
not be taken greater than 415 N/mm^. 

Maximum spacing of shear reinforcement measured along the axis of the member 
shall not exceed 0.75 d. In no case shall the spacing exceed 300mm. 

(iii) Side face reinforcement: where the depth of the web in a beam exceeds 450 
mm, side face reinforcement shall be provided along the two faces. The total area of 
such reinforcement shall be not less than 0.2 percent of the web area and shall be 
distributed equally on two faces at spacing not exceeding 300mm or web thickness 
whichever is less [16], 

Asd =(0.2 xhzx d2)/100 mm (3.85) 

3.2.2 Continuity analysis: 

The forces due to continuity are obtained by applying the principle of consistent 
deformations. The vertical displacements are always consistent as each shell is free to 
deform in this direction, consistency has only to be satisfied for horizontal and angular 
displacements between the shells meetmg at ajomt. Based on the stifihess of each shell at 
edges for horizontal and angular moments, equations of consistency are framed and the 
forces due to contmuity can be determined after solving this system of simultaneous 
equations in rotation (i|/) and displacement (8). 
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3.2.2.1 Effect of continuity at the junction of top-dome, ring beam (Bi) 
and cylindrical portion: 

3.2.2.1.1 Membrane deformation and stiffness [7]: In order to determine the effect of 
continuity of joints, first the membrane deformation and stiffness at each edge are to be 
calculated. 

(i) Top dome: (Fig 14 and 15) 


2PR^Sm(f> 

The slope at edge iWj) = = — —radian 


Et 


T he horizontal outward deflection {5 ^ ) = 


PR^Sin<l> 


Et 


\+Cos<f) 


-Cos<f> 


Moment stiffiiess per unit length of periphery at edge 


ER^t 


4a; 


K^+- 


K, 


Corresponding radial force per unit length {H . ) = 


Et 


^ 2a^ K-^Sin^ 


Et 


Thrust stiffhess per unit length (Ff _ ) = — 

a^R^K^Sin^il) 


Corresponding moment per unit length ) = 


Et 


^ 2a(K^Sin(j) 


Where, ocj =3 




V ^ y 


K, = 1 — ^—Cot<l) 
2a, 


(3.86) 

(3.87) 

(3.88) 

(3.89) 

(3.90) 

(3.91) 
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5o = 0 


Fig. 14 Moment stif&ess (Mj) and corresponding 
radial force (Hi) per unit length of top dome 



vi/o = 0 
6o = l 


Fig. 15 Thrust stif&ess (H 2 ) and corresponding 
moment (M 2 ) per unit length of top dome 
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(ii) Ring beam Bj (Figl6): 


Radial thrust to cause unit outward deflection (H3) = E bi di/ (3.92) 

Moment per unit circumference to cause unit rotation (M3) =(E bi d^i)/12 R^ (3.93) 

(iii) Cylindrical wall (Fig 17 and 18): 

Moment stiffness (clockwise) (M4) = 2 p Z (3-94) 

Corresponding thrust (outward) (H4) = 2 Z (3.95) 

Thrust stiffness (inward) (H5) = 4 p^ Z (3.96) 

Corresponding moment (anticlockwise) (M5) = 2 p^ Z (3.97) 


Where, 


( 




V 


12 


^ 2^2 

' wave ) 


1 

4 



3 

wave 


12 


Membrane displacement (outward-radial) of tank wall at bottom {X ) = 

^ ^wave ^ 


(3.98) 


Clockwise slope of the wall (6w) = X^/h 


3.2.2.1.2 Reaction due to Continuity at Joint: 

Let the net rotation (clockwise) and net displacement (inward) be vj/ and 6 respectively. 
Then the changes in the slop and displacement of various members from the membrane 
states can be expressed as follows: 


Element 

Clockwise slope 

Inward displacement 

Top dome 


5-6d 

Beam Bi 


6 

Tank wall 

-0w 

6 
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Ms 



K- *4 

5o = l 

Fig 16. Radial thrust and moment of ring beam (Bi) 



Fig. 17 Moment stiffiiess (M4) and Corresponding radial 
force (H 4 ) per unit length of cylindrical wall 



Fig. 1 8 Thrust stiffiiess (H5) and Corresponding 

moment (M 5 ) per unit length of cylindrical wall 
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The reaction imposed by the joint on each member is, therefore, be equal to the product 
of the above change in slope/deflection and the corresponding stiffness. Since the dome 
imposed an outward thrust of Pi N/m, the joint must react with an inward thrust of Pi 
N/m. 

Equation of consistency of deformations (joint at Ring beam Bi) 

Clockwise moment: 

Ml (v|; -M/d ) + Hi (6 -5d ) + Ms vg + M 4 (\)y -Ow) - H 4 5 = 0 (3.99) 

Inward thrust: 

M2 (vK -Wd ) + H2 (6 -6d ) + H3 5 - M5 (m/ -ew) + Hs 6 + P, = 0 (3.100) 

These two equations can be solved for m^ and 5, and, the reactions due to continuity can 
be evaluated. The reactions, Fi to F9 (Fig 19) as derived from these evaluations are given 
in the following. 


Element 

Moment 

Thrust 

Hoop tension 

Dome 

Fi= Ml (vj/ -M/d ) + Hi (5 -6d ) 

F4 = M2 (m^ -vj/d ) + 

H2(6-6d) 

F7 = -(5EAud)/(D/2) 

Ring beam 

(Bi) 

F2 = Ms M^ 

F5 = Hs 5 

F8 = -(5EAi,i)/(D/2) 

Wall 

Fs = M, (m/ -Ow) - H4 5 

Fb = - Ms (m/ -Ow ) 

+ H 55 

F9 = -(5EAw)/(D/2) 


Where Aud, Abi , Aware the cross section areas of the respective members for unit length. 













Upper dome 





Cylindrical wall 


Fig. 19 Forces due to continuity at the upper ring beam Bi joint 
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3.2.2. 1.3 Design of member: 

(i) Top dome; If the thrust F 4 is less than the meridional thrust Ti (calculated 
membrane analysis) the design done using membrane analysis is safe; otherwise, redesij 
is to be done for thrust. Due to joint effect a hogging moment Fi is imposed. 

Bending stress per unit breadth at edge due to this moment 


6F, 

1000 xr" 


(3.10 


If the direct conpressive stress crmd (obtained earlier in membrane analysis) is great 
than the bending stress cTbdi (obtained from continuity analysis) the design done I 
membrane analysis is safe otherwise it is to be designed for bending stress. 

If Obdl >Crnid5 


Area of reinforcement (on one face) required to resist the tensile stress (AiJ = 

(3.102 

Where dd is the effective depth of the dome and j is the lever arm frctor of dome. 


Spacing of the reinforcement (Sj^) = 


lOOOxAicq, 

Ale 


(3.103 


Where Aic<|) is the cross-section area of single reinforcement. 

In addition to this, the dome is also to be designed for hoop tension (F7) 

Area of hoop reinforcement (A 2 c) = F? /ast (3. 1 04" 

Spacing of the hoop reinforcement (S^^) = (3.105 

Where Aze^ is the cross-section area of single reinforcement. 
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(ii) Ring beam Bj: If the radial force Pi in beam calculated in membrane analysis, is 
greater than the inward thrust (radial force) F 5 calculated in continuity analysis, there is 
no need for redesigning the beam. Otherwise, it is to be redesigned for continuity hoop 
stress. 

For F 5 > Pi, 

Area of steel As 2 = Fs/ctst (3 . 1 06) 

Number of bars N 2 =As 2 /A^i 

Tensile stress in equivalent section fftc = F 5 / {b| x di +(m-l) As 2 } (3. 107) 

Due to joint effect a hogging moment F 2 is imposed at the edge of the beam (Generally it 
is too small a moment and the hoop steel, as provided, will take care of this also.). 

f 

Area of reinforcement to resist the edge moment F 2 , (3. 1 08) 

Where d bi is the effective depth of the upper ring beam and j is the lever arm factor of the 
ring beam. 

^ , 1000x.(4,„ 

Spacing of the reinforcement ) = — (3.109) 

Ac 

3.2.22 Effect of continuity at the junction of Cylindrical 
portion, Beam (B3) and Conical Dome: 

3.2.2.2.1 Membrane Deformation and StiDhess [7]: In order to determine the 

effect of continuity ofjoints, first will be calculated the membrane deformation and 
stiffness at edge. 

(i) Ring Beam B 3 : 

Radial thrust to cause unit outward deflection (He) = E bs ds/ (3.110) 

Moment per unit circumference to cause unit rotation, (Me) =(E ba d^ 3)/12 R^ (3.11 1) 
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(ii) Conical Dotne(Fig 20 to 23): 


RP 

Outward deflection at the top edge (5 ) = — — 

Et^ 

(3.112) 

RPrr 

Outward deflection at bottom edge (<5' , ) = — ~ 

(3.113) 

Slope at top edge (f. ) ^ 

E Et^ 

c 

(3.114) 

Slope at bottom edge > 

(3.115) 

Stiffness at the Top Edge: 


ELK 4 L 

Moment stiffiiess (M_) = - - - — - — 

(^1^4-^2^3>^ 

(3.116) 

jC/ jfiT 

Corresponding thrust (If^) = 7 

7 {KiK4-K2K^)tan^0^in^0 

(3.117) 

Et^K. 

Thrust stiffiiess = 7 ^—4 — 

^ {K^K4-K2K^Y^in^h 

(3.118) 

Et^K-y 

Corresponding moment (Mo) = r— — 

^ [K^K 4 -K 2 K-^psi<l>QSin 4 >Q 

(3.119) 


Stiffness at the Bottom Edge: 

Et.Kll}- 

Moment stiffness (Mg) = r- - - — ----- (3.120) 

[K\K\-K\K\]izia^ <f>Q 


Et.K\ 

Corresponding thrust (//g) = . i i i "iV ' (3.121) 

k\k\-k\k\ im(l>(^Sin(f>Q 
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Fig. 20 slope and deflection at the top and 
bottom of conical dome 


R 



Fig. 21 Dimensions of conical dome 
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Fig 23 Stiffiiess at the bottom edge of conical dome 


•v'' 
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(3.122) 


Thrust stiffness 


(«io) = 


1 1^1 


K{K^. 




l}'Sir?‘(pQ 


Corresponding moment (T/^q) = 


Etc^ 


k\k\-k\k\ \tzn(PQSin(pQ 


(3.123) 


For the given geometry of the conical shell Ki, K2, K3, K4 and kS, K’ 2, K*4 can be 

obtained from the Table 6 shown, after evaluating Z, Z' below. L is the slant length of the 
cone (complete) and L' is the truncated cone slant length as shown in Fig. 21. 


Z=2aVI,Z^=2aV? 


L' = Ro cosec(|)o , L = 1 + L’, 


'=a/'^+(«-Ro) 


Where, A = 


12cot^( 


(|)o is the semi apex angle of the cone. 

3.2.2.2.2 Reaction due to continuity at the ring beam B 3 joint: 

Let the net rotation (clockwise) and net displacement (inward) be \}/i and 5i 
respectively. Then the changes in the slop and displacement of various members from the 
membrane states can be expressed as follows 


Element 

Clockwise slope 

Inward displacement 

Wall 

M/i - 9w 

5i + Xw 

Beam (83) 

Vi 

5i 

Conical dome 

\|/i + \\ft 

6] + 6t 
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Table 6: Conical Shell Stiffness Constants 


z,z‘ 

K, 

K2,K3 

K4 

K \ 

K‘2 ,K‘3 


10 

183.0 

25.20 

6.29 

169.0 

23.55 

7.30 

11 

220.5 

27.25 

7.21 

226.5 

29.35 

7.90 

12 

288.0 

32.60 

7.91 

312.0 

36.00 

8.70 

13 

366.5 

38.40 

8.60 

396.0 

42.20 

9.40 

14 

463.0 

46.20 

9.36 

490.0 

48.85 

10.09 

15 

568.5 

52.50 

10.10 

596.0 

56.30 

10.82 

16 

696.0 

60.30 

10.82 

728.0 

63.20 

11.42 

17 

834.0 

68.40 

11.52 

880.0 

72.30 

12.13 

18 

990.0 

76.65 

12.24 

1038 

81.20 

Hi 

19 

1172 

86.00 

12.98 

1222 

89.70 

13.61 

20 

1370 

I 

95.90 





21 

1574 

105.6 

14.39 

1658 

111.0 

15.10 

22 




1900 

121.1 

15.70 

23 

2100 

127.8 

15.88 

2190 

134.0 

16.50 

24 

2400 

139.9 

16.45 

2470 

145.0 

17.16 

25 

2695 

175.0 

17.24 

2800 

156.9 

17.80 
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The reaction imposed by the joint on each member, will therefore be equal to the product 
of the above change in slopes and deflection and the corresponding stiffiiess. In addition 
to these, there will be following three reactions; 

(i) Balcony moment: Moment due to balcony slab at joint will be anticlockwise 
direction, then the reactive moment (Mbai) at joint will be clockwise direction. 
Generally the values of Mbai varies from 700 N-m/m to 1000 N-m/m. 

(ii) Water pressure on beam height: Pbh = 7 w x h x bs (outward direction). Hence 
reactive thrust will be in inward direction. 

(iii) Thrust from conical dome; Tcon = W 5 tan(j)o (outward direction). Hence 
reactive thrust will be in inward direction. 

Equation of consistency of deformations (joint at Ring beam B3): 

Clockwise moment: 

M 4 (v[/i - 0 w ) + H 4 (5i + Xw) + Me vj/i + M 7 (\yi + \\ft) + (-H 7 ) (5i + 6 t ) + Mbai = 0 

(3.124) 

Inward thrust: 

M 5 (\|;i - 8 w ) + Hs (5i + Xw) + He 81 +(- Mg) (\|/i + \j/t) + Hg (81 + 8 t ) + Pbh +Tcon= 0 


(3.125) 
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These two equations can be solved for yi and 5 i, and, the reactions due to continuity can 
be evaluated. The reactions, Fio to Fig (Fig 24 ) as derived from these evaluations are 
given in the following. 


Element 

Moment 

Thrust 

Hoop tension 

Wall 

Fio == M4 (\|/i - 0 w ) + H4 

Fi3 = M 5 (yi - Gw ) 

Fi6=-(5,E Aw)/(D/2) 


(5, + Xw) 

+ H5(5,+Xw) 


Beam (B 3 ) 

Fii =M6 Vi 

F,4 = He 5, 

F,7=-(5,EAb3)/(D/2) 

Conical dome 

Fi 2 = M 7 (m /1 + V|/t) - H 7 

Fi 5 = -M 8 (if/i +\i /0 

F,8=-(5iEAco„)/(D/2) 


(5, +50 

+ H 8 (5, +50 



Where Aw, Abs , Aeon are the cross section areas of the respective members for unit 
length. 

3.2.2.2.3 Design of members: 

(i) Cylindrical wall: If the hoop tension Fie obtained from continuity analysis is less 
than the hoop tension P2 obtained from membrane analysis, the design done by 
membrane airalysis is safe. Otherwise it is to be designed for continuity analysis. 

If F,6>P2, 

Area of steel at base of wall (As4) = Fie / cJst 

Providing area of reinforcement on both the faces, area of reinforcement on each face is 
As4 / 2 . 

1000 x ^^2 

Spacing of ring reinforcement at bottom (S^)= y 

^s4 

Since, the hoop tension varies linearly, the area of reinforcements and its spacing also 
vary from bottom to top. 
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The bending moments in the wall at both its top and bottom joints, cause tension on the 
outer face. 


Area of steel due to bending moment 


(A )=-3^ 

4 c ^ 

^stJ^ 


( 3 . 126 ) 


If the area of steel due to bending moment (A4c) is less than the distribution 
reinforcement (As5/2) required according to membrane analysis, there is no need for 
providing the bending reinforcement (tensile reinforcement) in cylindrical wall. 

(ii) Ring beam B3: If the hoop tension in beam as calculated by membrane analysis, is 


less than that calculated by continuity analysis, then is no need for redesigning of beam. 
Otherwise, it is to be redesigned for continuity hoop stress. 


For Fi7 >P3, 


Area of steel (As s ) = F 17/ast 
Number of bars (N3 ) = As6 I\a 

Tensile stress in equivalent section (o-fc) = Fn/ {bs x da +(m-l) Asg} 

Due to joint effect a hogging moment Fu is imposed at the edge of the middle ring beam 
(Generally it is too small a moment, and, the hoop steel, as provided, will take care of this 
also.). 

f 

Area of reinforcement to resist the edge moment Fn , ( 3 . 1 27 ) 

^J^b2 

Where d’b2 is the effective depth of the middle ring beam and j is the lever arm factor of 
the ring beam. 

. . 1000 

Spacing of the reinforcement (S5 J = ( 3 . 128 ) 

Ac 
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3.2.2.3 Effect of Continuity at the Junction of Conical Dome, Beam (Bi) 
and Bottom Dome: 

3.2.2.3.1 Membrane deformation and stiffness [7]: In order to determine the effect of 
continuity of joints, first will be calculated the membrane deformation and stiffiiess at 
edge. 

(i) Ring beam Bj: 


bjd^E 

Moment stiffiiess per radian, M-i i= ' ■ 'i ■- 

3^0 


Corresponding outward thrust per radian, ifj p 


b2d^E 

2^ 


b^dqE 

Thrust stiffness per unit movement, ~ ~o ~ 

4 


Corresponding edge moment per unit movement, Mi 2 = ^ 

24 


(3.129) 


(3.130) 


(3.131) 


(3.132) 


(ii) Bottom dome ( Fig 25 and 26): The bottom dome is subjected to three types of 
loads: 

(a) Self weight of dome (P*) = W x 1 xyc nW (3.133) 

(b) Weight of water contained above the crown level 

p*w ~yw X (h +ho -h 2 ) N/m^. (3.134) 

(c) Radial water pressure acting radially from zero at the crown to maximum near edge. 
The clockwise slopes and horizontal outward movement of the left edge, due to the above 


three forces are given by the following expressions: 
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(3.135) 


oi * ^ 2P^i?2 sin ())i Y i?2sm(|)i 

Slope at edge v|/^^= ^ 


Et 


bd 


Et 


bd 


Horizontal movement of edge ^ 


^d'- 


P*i?|sin<t)i 


Et 


bd 


l+COS(j)]^ 


-cos (1)2 


,1 d2. 


_£>1L2__^4^J:w_ 2 J2 cos 2(j), +cos (|)9 -3 

lEtf^j 6%^(l+cos(t)2)^ "^2 


EEjtuj 

Moment stiffness ^^3= — 


Aa' 


Kn+- 


K^. 


Corresponding thrust ^^23= — 


Et\ 


bd 


2a2i^2 sin <j>i 


Thrust stiffiiess 


Et, 


bd 


2 

^2'^2^2 


Et 


Corresponding moment — r — — 

202^^2 


Where 


4 o 
=3 


tbd 


,K = \ — ~- cot(t), 
2a2 1 


(3.136) 

(3.137) 

(3.138) 

(3.139) 

(3.140) 
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Fig. 25 Moment stiffness (Mu) and corresponding radial force (Hu) 
per unit lei^th of bottom dome 


M,4 


v)/o = 0 

5o=l 


Fig. 26 Thrust stiffness (Hu) and corresponding moment (Mu) per 
unit length of bottom dome 
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3.2.2.3.2 Reaction due to Continuity at the Ring Beam B 2 Joint; 

Let the net rotation (clockwise) and net displacement (inward) be \j/2 and 62 
respectively. Then the changes in the slop and displacement of various members from 
the membrane states can then be expressed as follows: 


Element 

Clockwise slope 

Inward displacement 

Conical dome 

'Pa+'Pb 

82 + 8cb 

BeamBa 

'P2 

82 

Bottom dome 

'Pa + T^bd 

82 - 8bd 


The reactions imposed by the joint on each member, will therefore be equal to the 
product of the above change in slopes and deflection and the corresponding stif&iess. In 
addition to this, the beam B2 is subjected to a net inward thrust of Pe N/m. Hence the joint 
reaction will be an outward force of Pe N/m. 

Equation of consistency of deformations (joint at Ring beam B2): 

Clockwise nwment: 

M 9 ('P 2 +'Pb) + H9(62 + 5ob)+Mu'P2-Hu62+M,3 ('P 2 + 'Pbd) + H,3(62-5bd) = 0 

(3.141) 


Inward thrust: 

Mio (^2 +'Pb ) + Hio (§2 + 6 cb ) - Mi 2 'Pa + H 12 82 + M 14 ('P 2 + 'Pbd ) + Hi 4 (82 - 8 bd ) - Pe =0 

(3.142) 
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These two equations can be solved for v |/2 and 82 , and, thus the reactions due to continuity 
can be evaluated. The reactions, F 19 to F 27 (Fig 27) as derived from these evaluations are 
given in the following.. 


Element 

Moment 

Thrust 

Hoop tension 

Conical dome 

F ,9 = M 9 (^^2 ) + 

F 22 = M,o (T ^2 +T^b ) + 

F25=(62EAcon)/(Do/2) 


H 9 (52 + 6 cb) 

H,o(52 + 5cb) 


Ring beam B 2 

F 20 = Ml, ^2 - Hu 62 

F 23 ~ - Mi2 ^^2 + Hi2 §2 

F 26 = ( 62 EAb 2 )/(Do/ 2 ) 

Bottom dome 

F21=M,3 (^2+'Fbd) 

F24 = M,4('P2 + ^bd) + 

F27=-(52EAbd)/(Do/2) 


+ Hi3 (82 - 5bd ) 

1 

Hi 4 (62 - 5bd ) 



Where Abd is the cross sectional area of bottom dome. 

3.2.2.3.3 Design of members 

(i) Conical dome: If the hoop tension as calculated in membrane analysis is greater than 
then obtained from continuity analysis, the dome is not to be redesigned; otherwise, it is 
to be redesigned based on the hoop tension calculated in continuity analysis. 

For F25>T4m.x, 

Area of hoop reinforcement (A* 7) = F 25 / Ost (3 . 1 43) 

Area of hoop reinforcement on each face = As 7 /2 

Spacing of bars on each face (S 4 ) =(1000 x A^s) x 2/As7 (3.144) 

F25 

Maximum tensile stress in composite section (cr^^) = (3.145) 

act should be less than the permissible value. 
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27 Forces due to continuity at the upper ring beam B 2 joint 



If act is greater than the permissible value, the thickness of conical dome is to be 
increased. 

Bending moment at the bottom edge = F19 


Area of reinforcement due to bending moment 




1000x.i4'3„i 

Spacing of reinforcement = — — — - ^ 


(3.146) 


(3.147) 


He 


This reinforcement is provided on water fece @ Sac m m c/c. Two third reinforcement 
may be curtailed at a distance 42<j) from the joint. 

(ii) Bottom dome: 

The bottom dome is subjected to the following forces: 

Hoop tension =F27 
Meridional thrust = F24 
Bending moment = F2t 

Tensile stress on bottom dome (fj (3. 143) 

The thickness obtained from above expression (3.148) is generally greater than the 
previous thickness (obtained from membrane analysis). Hence the thickness is to be 


increased from tw to tbdi near the junction, gradually over a length of 0.76^JRj^ . 


Spacing of reinforcement = 


^21 

^stJ^b4\ 

(3.148) 

1000x^4^^ 

^5c 

(3.150) 
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These reinforcement are provided near the water fece meridionally to resist the 
compressive bending stresses developed due to continuity bending moment. 

(iii)Ring beam 83 : The ring beam is subjected to a radial force of F23 and moment of 
F20, both acting at the top edge. Hence the beam is subjected to a net moment along its 
circumterence. This gives rise to a moment at every section. These reactions (radial force 
F23 and moment F20) should be considered along with the bending and shear force 
obtained from membrane analysis. Generally the hoop tension caused due to reactions 
(radial force and moment) is negligibly small. 

Net bending moment (M , )=f±F20TF23x^lx^ ( 3 . 151 ) 

2 j 2 

Maximum hogging moment at support from membrane analysis = M^ax 

Hence total net moment (Mtn) = Mmax ± Mt,h,s ( 3 . 152 ) 

Area of reinforcement at support (As 12) = Mnt/(o-st j d2 r) ( 3 . 153 ) 

Numbers of bars at support ( N6) = A* l2/\^ ( 3 . 154 ) 
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3.3 Analysis and Design of Staging; 

The typical structural arrangement of staging is illustrated in Fig. 28. Staging consists of 
R. C. columns of circular cross-section placed axi-symmetrically on the circumference of 
a circle, braced together by horizontal bracing members located at some spacing in the 
vertical direction. The columns are subjected to the vertical gravity loads and lateral 
forces due to wind or earthquakes. 

3.3.1 Analysis of staging 

3.3.1.1 Vertical Load Analysis (Fig 28): 

Let the tank be supported on n nximber of columns, symmetrically placed on a circular 
circumference. The height of staging above ground level is y m The staging can be 
dividing in ni panels. 

Height of each panels (x) =y/ni. 

The columns be connected to raft foundation by means of ring beam, the top of which is 
provided at Xi m below the ground level so that the actual height of bottom panel is ( x 
+xi) m. 

Vertical load on column (Wig) = Total load on bottom ring beam per m x tt x Do 

= Wi7X7rxDo (3.155) 

Load per columns (W19) = Wig/n 

Self weight of column per m (W20) = tt/T x d^c x 1 x yc (3.1 56) 

Self weight of each brace (W21) = br x dr x U x yc (3.157) 

Where L clear length of each brace. 

RSin^^ 

Length of each brace (3.158) 

Cos 

n 
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Clear length of each brace (!«) =Le - dc 

The total weight of columns just above the each brace can be expressed in the following 
terms: 

For (ni -1 ) panels, w} = 9 + ^^^20 ^ (3.159) 

Where! =1,2 (m- 1) 

For last panel, i.e. i=ni 

IF/ = W,, +(ix + x, + (i - (3. 160) 

3.3.I.2. Wind load analysis: 

Since the tank base, foundation and the braces are very stiff compared to the columns it is 
considered that the tower deflects, maintaining the column axes almost vertical at their 
top, bottom and at their junctions with braces developing the points of inflection at mid 
height of each panel [ 7 ]. The deflected pattern of the tower is shown in Fig. 29. 

Intensity of wind pressure [17] py = 0.6 V^y Wxt? 

Where Vy = design wdnd velocity in m/s at height y. 

The wind force on various elements of the container can be ejqpressed as follows (Fig 30). 


Tank components 

Projected area 

Wind load 

Dome 


Wwd = Ai X p X Py 


J 3 \ 4 3 


Cylindrical wall 

A 2 = h X D 

II 

X 

TP 

X 

TS 

Conical dome 

A3 = (Ho-h)x(D+Do)/2 

Wwcd A3 P ^ Py 

Lower ring beam 

11 

D 

0 

X 

W„,lb = A4 X 3 X Py 


r 
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P = Shape factor on the tank 

Total wind load (W^t) = W^d + + W^cd + Wwib (3.161) 

I may be assumed that the resultant wind force act at mid height of the cylindrical wall. 
Height of the resultant wind force above the base of the bottom ring beam, 

hs = (h/2 +ho + ds ) 

Wind load on each panel (Wpan) = x x dcX n x p x py + dr xDo x p x py (3.162) 
Wind load at the top end of panel (Wtpan) = (x x dcX n x p x py)/2 (3.163) 

Analysis of column: 


Shear force and moment of each panel can be expressed in the following form. 

Shear force (Q'^i ) = Wwt + Wtpan + (i -1) Wpan (3.164) 


Where i =1, 2 , 3...ni 


Moment (M'"; ) = W^ x {hs + x/2 +( i-1) x } + Wtpan x {(i- 1) x + x/2 } + ( i- 1) Wpa„ x 
{k (k-l)/2 + k/2 }x. for i < ni, where k = i -1 (3.165) 


For i = ni, 

M'^n, = Wwt X {ha +(X, + x)/2 +( i -1) X } + Wtpa„ X {(i - 1) X +(x, + x)/2 } + ( 
X (k (k-l)/2 + k/2 }x. , where k = i -1 

The bending stress on the furthest leeward side 

naD^ 


i-1) Wpan 

(3.166) 

(3.167) 


The axial thrust on the furthest leeward side (V.) = 


4Mj- 

nDQ 


(3.168) 


Where i= 1, 2, 3, ...m 
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Fig. 30 Wind forces on the water 
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Shear stress at any point-making angle to with bending axis 


IQjCos'^a) 


(3.169) 


Shear stress will be maximum at © = 0, and maximum value is given by: 


u,max' 


(3.170) 


Maximum shear force (S. ) = — ^ 

i,max^ „ 


(3.171) 


Maximum bending moment (M. ) 

Z^IXXBX 




(3.172) 


Analysis of Braces: The shear force acting on either side and the moment set up at the 
joint are shown in Fig. 32. 

The maximum bending moment occurs in lower panels. 


Maximum bending moment: 


e^x(A:+xi>-a'», ,-Kx 


— Cos^QSini 0+- 


(3.173) 


Where 6 is determined graphically from the following expression: 


( 1 
tan 0 - 1 — =-Cotd 
V nj 2 


(3.174) 
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The maximum shear force in lower brace 


Su 

o,max 


Q„i -u 


L^nSin 


2 % 


{ICos'^^Sin—) 
n n 


(3.175) 


In addition to bending moment and shear force, the brace is also subjected to twisting 
moment, the value of which may be taken equal to 5 percent of maximum bending 
moment [7]. The value of maximum bending moment and shear force both should not 
occur simultaneously. 

Design twisting moment (M‘b) = 0.05 mni 

Thus brace will be subjected to a critical combination of maximum shear force and a 
twisting moment when wind blows a parallel to it. The brace is reinforced equally at top 
and bottom since the sign of moment depends upon the direction of wind. 

3.3. 1.3 Earthquake Load Aanalysis: 


The staging tower should be designed for the forces and moments due to earthquake 
loading also. The design forces can be obtained by any one of the two methods specified 
in IS: 1893 (criteria for earthquake resistant design of structures)[15], (i) Seismic 
coefficient method, (ii) Response spectrum method. The earthquake fector is calculated 
and the earthquake force is obtained which is coming as shear in the columns. The design 
values of horizontal seismic coefficient, Uh in the seismic coefficient and response 
spectrum methods shall be computed as given by the following expressions: 
i) In Seismic Coefficient Method the design value of horizontal seismic coefficient Uh 
shall be computed as given by following expression: 

ah=pIao (3.176) 

Where, p = coefficient depending upon the soil- foundation system as given in Table 3 of 
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IS: 1893 [15] 


I — factor depending upon the importance of the structure as given in Table 4 of 
IS: 1893 [15] 

00 = basic horizontal seismic coefficient as given in table 2.of IS: 1893 [15 ] 
ii) In Response Spectrum Method the response acceleration coefficient is first obtained 
for the natural period and damping of the structure, and, the design value of horizontal 
seismic coefficient is computed using the following expression: 

( 3 . 177 ) 

s 


Where P = Coefficient depending upon the soil-foundation system 
I = coefficient depending upon the importance of structure 
Fo = seismic zone fector for average acceleration spectra as given in Table 2 of 
IS: 1893 [15], 

Sa/g = average acceleration coefficient depending on the damping and appropriate 
natural period. 

According to IS: 1893, the damping in elevated concrete tank may be considered 5 
percent of the critical. 


Natural period of vibration (T) = 2%. 



(3.178) 


Where, A = the static horizontal deflection at the top of the tank under a static horizontal 
force equal to weight of the tank (WO acting at center of gravity of tank, 
g = acceleration due to gravity. 


A = ra4g/K«, 

WTiere, Ks “ stiffness of staging 
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ms = mass of tank. 

In empty condition, ms = mass of tank shell +one third mass of staging. (In full condition 
weight of water is to be added to the weight under empty condition.). 

The stiffness of staging may be obtained by adding axial flexibility to the flexural 
flexibility. 

1 1 1 

f — (3.179) 

^flexural ^axial 

1 2 "1 0 9 

^ (3.180) 
^axial nA^E^r^ /=1 

Where Hi is the height of the point of application of resultant lateral load from point of 
contra flexure of the f** panel. 

Flexural stiffness of intermediate panel 


VlEJ.n 

i,f, panel ^3 


Flexural stiffiiess of the uppermost and the bottom most panels 


llEJ^n 
c c 

u&b,f, panel ^3 


Overall stiffness of the staging due to flexural deformation in column 






L. 


Hh 


b^b I 


EuL 


— I — ^--- -+1 : — — 

^flexural ^i,f, panel ^u&b,f, panel 


Earthquake force (Fut ) =ah ms 


(3.181) 


(3.182) 


(3.183) 

(3.184) 
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2i^ H ' 

Design axial force in i“’ panel column (F.) = - f 


nr^ 


(3.185) 




Design shear in brace at i‘'’ bracing level (F,.) = - i cosec| 

bi nr^ 


\n) 


(3.186) 


Design bending moment in bracing at i bracing level (^^^- ) = x (3. 187) 




Design shear in intermediate panel column (F ) = — ^cos^ 

^ n 


z' 

7t 


(3.188) 


Design bending moment in intermediate panel column (M ) = F x — 

c ^2 


(3.189) 


Design shear in end panel column (F ) = — ^ i 4>’ cos^ [ — 

-- {nj 


ce' 


+_JL_c_c_ej^ (3.190) 


nx 


3E^I^x 


lat 




Design bending moment in end panel column {M ) = \ 2>'cos — 

ce n \ \nj 


A YSJ^L 


i c c e 

^EjjIjjX 


(3.191) 

Where f is the distance of point of inflection of the end point panel from the braced end. 


3.3.2 Design of staging 

Load combinations for design of staging: 

i) Dead load +live load 

ii) Dead load +live load + wind load 

iii) Dead load + live load + earthquake load 

According to the above load combinations, first, the axial loads, shear forces and 
moments in the different components of staging, are to be determined following the 
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methods discussed in section (3.3.1). After calculating all the forces and moment 
according to above load combinations, the next step is to select the critical force 
combination for each element for its design. 

3.2.2.1 Design of column 


Maximum axial load on column = Wcoi 
Maximum moment in column = Mcoi 

Equivalent Area of columns (A^c ) = 7t/4 x d\ + (m - 1) Asc (3.1 92) 

Equivalent moment ofinertia(Ie) = 71/64 xd‘*c +(m-l) Ascx(dc-2d'c)^/8 (3.193) 

Where Asc is the area of reinforcement provkie in column and d*c is the effective cover. 

Direct stress in column (cr'cc) = Wcoi/ Acc (3.1 94) 

Bending stress in column (a'cbc ) = ( Mcoi/ !«) x AJl (3.195) 


For the safety of column at bending axis, the following condition must be satisfied, based 
on uncracked section f 16 ]. 


133or„ I.33a^ 


-:S1 


(3.196) 


If the above equation is not get satisfied then diameter of column is to be increased or the 
column is to be designed for cracked section. 

Cracked design of column (From fig 38); 

Axial load capacity Wool = Cc + C® - Tr (3.1 97) 

Where Co = compressive force in concrete 


d:c 


2(l + cosP,) 


3 2 4 
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Cs = compressive force in compression steel i 

Asci area of compression reinforcement i 
Csci = stress in concrete at the level of reinforcement i 
Tr = tensile force in tension reinforcement i 

Asti = area of tension reinforcement i 
Csti = stress in tension reinforcement i 

Moment capacity of the section (taking the moment force about the center of the section): 


die 

■jt-p, 

4(l + cosPi) 

8 




+ 2](l.5m-l)A„,c^y^+ Y.A„,c„y„, 


(3.198) 


where ysoi = distance of compresion reinforcement i from the centre of the section 
ysti = distance of tension reinforcement i from the centre of section 


P 


1 ““ COS 





These two euations (3.197 and 3.198) can be solved (by using trial method) for stress in 
concrete and reinforcement. If the stresses are smaller than the permissible stress the 
design done is safe otherwise reinforcement or diameter of column is to be increased. 
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3.2.2.2 Design of braces 

Maximum shear force on column = Vbra 
Maximum moment in column = Mbra 
Twisting moment (Mbra) = 0.05 Mbra 

3.2.2.2.1 Main reinforcement: 

The section of the brace is br x drf (effective) and has reinforcement equal to pbrdrf at top 
and bottom each at an effective cover of dr, then for the section to be balanced, the 
neutral axis will be at kdrf from the compression face as shown in Fig. 34. 

Equating moment of the effective area about the neutral axis to zero , 

0.5 br (kdrf)^ + (m-1) pbrdrf [kdrf - dr] = m plvlrf [drf - kdrf] (3.1 99) 

From the above equation (3.197), value of p is to be found. After knowing the value of p 
the depth of brace is checked, for its adequacy. 

Since the brace is subjected to both the bending moment as well as twisting moment, the 
equivalent moment is [16] 


r 







1.7 




(3.200) 


In order to find the depth of the section, equating the moment of resisting of the section to 
the external moment (From fig 34.) 


h X X — 


rf 3 


+ (l.5w - l)x pb^d^j. X [d^ -d')= A/., 
kdrr 


(3.201) 


From the above equation (3.199), the effective depth of brace is to be found and 
compared with the original value. If the effective depth thus found is greater than its 
original value, the section is increased to a suitable value. After that the compression and 
tension reinforcements are found. 
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Area of compression reinforcement (Absc) = pbrdrf 
Area of tension reinforcement (Abst) = pbrdrf 

Number of bars of compression or tensile reinforcement (Nb) = 


3.2.2.2.2 Transverse Reinforcement 

Equivalent shear force (Ve) = Vbra + 1-6 M'bra/ N (3.202) 

Shear stress (Tve) = Ve/br dr (3.203) 

Tve should always be less than Xcmax otherwise the section is to be redesigned [16]. 

If Tv e > to, shear reinforcement is necessary, otherwise minimum shear reinforcements 
are provided [ 16 ]. 

Cross-section area of the stirrups [16] 

_ ^bra VjjfQ xSy 


A, 




(3.204) 


Where b' = center- to- center distance between comer bars in the direction of the width. 

d* = center- to- center distance between comer bars in the direction of depth. 

But the total reinforcement shall not be less than (Xy e- 'Tc) br Sv/ctsv 

The spacing of the stirrups shall not exceed the least of xi, (x i+yi)/4, and 300 mm, where 

X 1 and yi are the respectively the shorter and long dimension of the stirmp. 

Side face reinforcement: where the depth of the web in a beam exceeds 450 mm, side 
face reinforcement shall be provided along the two faces. The total area of such 
reinforcement shall not be less than 0.2 percent of the web area and shall be distributed 
equally on two faces at spacing not exceeding 300mm or web thickness whichever is less 
[16]. 

Absd =(0.2 X bb X dr)/l 00 mm (3 .205) 
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3.4 Foundation Analysis and Design: 

Based on the information obtained from the preliminary design, the foundation is 
analysed with the aid of exact methodology. Subsequently, the design of foundation is 


performed adequately. 

Vertical load from filled tank and column (W 22 ) = n x W'ni (3.206) 

Weight of water (W 23 ) = W 7 + W, , (3.207) 

Vertical load of empty tank and column (W 24 ) = W 22 -W 23 (3.208) 

Self weight of foundation = W 25 

Total load (W 26 ) = W 22 + W 25 (3.209) 

Maximum moment at the base of the slab = Mbs 
Bearing pressure of soil = q 

Area of foimdation required (Af) = W 26 / q (3.210) 

Circumference of column circle (Ap) = 71 x Do (3.21 1) 

Width of foundation (bf) = Af / Ap (3.212) 


Hence inner diameter of base raft (dj) = 2[Do /2 - bf /2] (3.213) 

Outer diameter (do) = 2[Do 12+ bf /2] (3.214) 

Area of amiular raft (4^^) = “ ] (3.215) 

Moment of inertia of slab about a diametrical axis (/ ) =—[d‘^ -df ] (3.216) 

rs 64 V " J 

When tank is empty, total load (W27) = W24 + W25 (3.217) 
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Consideration in design of foundation is made for the following two different cases: 

3.4.1 For lateral load (earthquake / wind load) condition: 

The soil pressure at the edge along a diameter when the tank is full 


q + 

Ifs 2 


(3.218) 


The soil pressure at the edge along a diameter when the tank is empty 


^ce Aar hs 2 


(3.219) 


According to IS code [15] under the wind / earthquake load, the allowable bearing 
capacity is to be increased to 50%. 

If the calculated soil pressure is less than the allowable soil pressure, then the selected 
foimdation area is safe, otherwise, it is to be revised adequately. 

3.4.1.1 Design of annular raft slab (Fig33): 

Outer radius of raft = ro 
Inner radius of raft = r,- 
Mean radius of raft = Ro 

Based on thin plate theory the design moments [18 ] : 

For z < Ro 
i) Radial moment 




J'Q 


1 , 2 / ,2 




log,--+0.5- 




.2 ^ . 12 „V2 


2r; 


by 


16 


l+l 

'b \ r} 




(3.220) 
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The maximum radial and Circumferential moments is to be determined by using the trial 
method. The depth of the slab will be based on maximum moment (radial and 
Circumferential). 

Maximum bending moment = 

Depth of slab {d )= j- , (3.224) 

VlOOOxi? 
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Maximum area of radial reinforcement ) = 


M 


r,max 


a^^xjxd 


lOOOx^ 


Spacing of radial reinforcement ^ 


¥ 


If 


Maximum area of circumferential reinforcement (^j^y) = 


^Q,iaax 

O^fXJxd' 


1000x4 


Spacing of circumferential reinforcement ^ 


¥ 


2 / 


3.4. 1.2 Design of circular beam of raft: 

q 

Design load per meter on raft beam (Wjg) = ^ 

Maximum negative bending moment at support (Mo) = Ci Was R^o 20 
Maximmn positive bending moment (Me) = Ca Was R^o 20 
Maximum torsional moment (Nfo) “ Ci Wzs R^o 20 
Where Ci, Ca,C 3 are the coeflScient of bending and twisting moment 
20 = 2Tr/n, where n is the number of columns. 

Required depth of beam {d^) = 

Where M is the maximum bending moment. 

Maximum shear force at support (Fo) = Was Ro 0 

Shear force at any point (F) = Was Ro ( 0 - a) 

Shear force at the point of maximum torsional moment ( Fm) = Was Ro ( 0 -otm) 
Bending moment at the point of maximum torsional moment 


(3.225) 

(3.226) 

(3.227) 

(3.228) 

(3.229) 

(3.230) 

(3.231) 

(3.232) 


(3.233) 

(3.234) 

(3.235) 

(3.236) 
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Mam (sagging) =W 28 R^o (0 sinam + 6 Cot0 Cosam - 1) 


(3.237) 


The torsional moment at any point 

M ‘a =W 28 R^o {0 Cosa - 6 Cot0 Sina - (0 -a)} (3.238) 

At the support a = 0, Mo = 0 
At the mid-span a =0, Me = 0 


Hence the following combination of bending moment and torsional moment are obtained: 

(a) At the point of maximum torsion: 

Bending moment =Ma and Torsional moment = M*„m 

(b) At the support: Bending moment = Mo and Torsional moment = M*o 

(c) At mid span: Bending moment = Me and Torsional moment = Me 

The c/s area required for the main reinforcement is obtained with the consideration of the 
above three conditions. 

(i) Main Reinforcement 

(a ) Section at point of maximum torsion 


T = M*„^,M„ = M 


Equivalent bending moment (M^p = M+t1 



1.7 


(3.239) 


Area of steel (A 2 f) = Me i/(o-st j drf) (3.240) 

Numbers of bars (Nif) = Aif/A<,,n 
If T > M, the compression reinforcements are to be provided. 
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(3.241) 


Equivalent bending moment(M^^) = r 


__v 

1.7 ^ 


-M 


Compression reinforcement (Asf) = Me il{cr si j drf) (3.242) 

Numbers of bars (Nar) = Asf/A^G 

(b) Section at maximum hogging bending moment (support): 

Mo= Mmax , Mo =0 

Area of steel (Ajf) = Mo /(Cst j drf) (3.243) 

Numbers of bars (Nsf) = Ajf/A^s 

(c) Section at maximum sagging bending moment (mid-span): 

Maximum bending moment at center= Me 

Torsional moment (M*c) = 0 

Area of steel (Asr) = Me / (era j dr^ , (3 .244) 

Numbers of bars (N 4 f) = A 5 f/A^f 4 (3.245) 

(ii) Transverse reinforcement: 

(a) At point of maximum torsional moment: 

At the point of maximum torsion shear force (V) = Fm 

Equivalent shear force (Ve) = V + 1 .6 T/ brf (3.246) 

Shear stress (xv e) = V eAirf drf (3 .247) 

Xv e should be always less than Xc max otherwise the section is to be redesign [16]. 

If Xv e > Xc, shear reinforcement is necessary, otherwise minimum shear reinforcements 
are to be provided [16]. 
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Cross-section area of the stirrups [16] 




(3.248) 


Where b' = center- to- center distance between comer bars in the direction of the width. 

d* = center- to- center distance between comer bars in the direction of depth. 

But the total reinforcement shall not be less than (xve- Xc) hi Sv/ctsv 

The spacing of the stirmps shall not exceed the least of xi, (xi+yi)/4, and 300 nun, where 

xi and yi are the respectively the shorter and long dimension of the stirrup. 

(b) At the point of maximum shear (supports): 

Shear stress Xv= Fo /brf drf 

Xv should be always less than Xcmax, otherwise the section is to be redesigned [16] 

If Xv > Xc, then shear reinforcement is necessary, otherwise minimum shear 
reinforcements are to be provided [16]. 

Vo = XcXbrfdrf 


Design shear force (Vs) = Fo - Vc 

The spacing of stirmps (Svi) = (ctsv x Asvi x drf)A^s 


(3.249) 

(3.250) 


Where Asvi= area of 4-leggd stirmps. 

(c)At mid-span: At the mid-span, shear force is zero. Hence minimum/nominal 
reinforcement are to be provided. 

Minimum shear reinforcement in the form of stirmps shall be provided such that [16] 


■^sv2 ^ 0-4 

brfSvl ~ 0 : 87 / 3 , 


(3.251) 


WTiere Asv 2 = total cross-section area of stirmps legs effective in shear. 
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Sv2= Stirrups spacing along the length of the member, 

1 ) 2 = breadth of the beam or breadth of the web of flanged beam, and 
fy = characteristic strength of the stirrup reinforcement in N/mm^ which shall 
not be taken ^eater than 415 N/mm^. 

Maximum spacing of shear reinforcement measured along the axis of the member 
shall not exceed 0.75 d. In no case shall the spacing exceed 300mm. 
iii) Side face reinforcement: where the depth of the web in a beam exceeds 450 mm, 
side fece reinforcement shall be provided along the two faces. The total area of such 
reinforcement shall be not less than 0.2 percent of the web area and shall be 
distributed equally on two faces at spacing not exceeding 300mm or web thickness 
whichever is less [16]. 

Asd=(0.2xbrfxdrf)/100mm (3.252) 


3.4.2 without considering lateral load condition: 

The soil pressure at the edge along a diameter when the tank is full 



The soil pressure at the edge along a diameter when the tank is empty 


cel A, 


(3.253) 


(3.254) 


If the calculated soil pressure is less than the allowable soil pressure, then the selected 
foundation area is safe, otherwise, it is to be revised adequately. 
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The maximum radial and Circumferential moments is to be determined by using the trial 
method. The depth of the slab will be based on maximum moment (radial and 
C ircumferential) . 


Maximum bending moment = Mrsi 


Depth of slab (£/.)= I — 

V lOOOxR 

(3.258) 

max 

Maximum area of radial reinforcement (A f])~ ^ 7 

^ ^st 

(3.259) 

lOOOxA^^ 

Spacing of radial reinforcement (5- ^. ) = - 

(3.260) 

3T 0 nrax 

Maximum area of circumferential reinforcement (A ^. ) = ’ , 

(3.261) 

lOOOx^^ 

Spacing of circumferential reinforcement (S. ^■,) = 

A2f 

(3.262) 


3.4.2.2 Design of circular beam of raft: 

Design load per meter on raft beam (W* 28 ) = (3.263) 

Maximum negative bending moment at support (Mo) = Ci W ’28 R^o2e (3.264) 

Maximum positive bending moment (Mo) = C 2 W '28 29 (3.265) 

Maximum torsional moment (M'j = Ci W* 28 R^o 20 (3.266) 

Where Ci, € 2,03 are the coefficient of bending and twisting moment 
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26 = 2TT/n, where n is the number of columns. 


Required depth of beam = 


Ml 


Rb 


'rf 


(3.267) 


Where Mi is the maximum bending moment. 

Maximum shear force at support (Fo) = W‘28 Ro 6 (3.268) 

Shear force at any point (F) = W*28 ]^ ( 0 - a) (3.269) 

Shear force at the point of maximum torsional moment ( Fm) = W’28 Ro ( 6 -ctm) (3.270) 
Bending moment at the point of maximum torsional moment 

Mttm (sagging) = W‘28R^o (6 suiam + 6 Cot6 Cosam - 1) (3.271) 

The torsional moment at any point 

M ‘a = W^28 R^o {0 Cosa - 0 Cot0 Sina - (6 -a)} (3.272) 

At the support a = 0, M*o = 0 
At the mid-span a =0, M'c = 0 


Hence the following combination of bending moment and torsional moment are obtained: 

(a) At the point of maximum torsion: 

Bending moment =Ma and Torsional moment = M*„m 

(b) At the support: Bending moment = Mo and Torsional moment = M'o 

(c) At mid span: Bending moment = Me and Torsional moment = Me 

The c/s area required for the main reinforcement is obtained with the consideration of the 
above three conditions. 


96 



(i) Main Reinforcement 

(a ) Section at point of maximum torsion 


T = M‘„,ax,Hx = M 


Equivalent bending moment = M+T 


1 + 


dtf 

byf 


1.7 


Area of steel (A 2 f) = Me i/(ast j drf) 
Niunbers of bars (Njf) = An/A^n 
If T > M, the compression reinforcements are to be provided. 

Equivalent bending moment (M^^) = 


bff 


1.7 


-M 


Compression reinforcement (Aar) = Me 2 /(o‘st j drf) 
Numbers of bars (N 2 f) = Asf/A^ 

(b) Section at maximum hogging bending moment (support): 
Mo= Mmax , M^o =0 

Area of steel (A4f) = Mo/Co-st j drf) 

Numbers of bars (Nsf) = A4i/A^f3 

(c) Section at maximum sagging bending moment (mid-span): 
Maximum bending moment at center= Me 

Torsional moment (M‘c) = 0 

Area of steel (Asf) = Mc/(crst j drf). 

Numbers of bars (N4f) = A 5 f/A<|>f 4 



(ii) Transverse reinforcement: 

(a) At point of maximum torsional moment: 

At the point of maximum torsion shear force (V) = Fm 

Equivalent shear force (Ve) = V + 1.6 T/ brf 
Shear stress (xve) = Ve/brf drf 

Tv e should be always less than Xc max otherwise the section is to be redesign [16]. 

If Xv e > to, shear reinforcement is necessary, otherwise minimum shear reinforcements 
are to be provided [ 16 ]. 

Cross-section area of the stirrups [16] 

^SV 11 1 

bda^ 2.5da^ 

Where b^ = center- to- center distance between comer bars in the direction of the 'width. 

d^ = center- to- center distance between comer bars in the direction of deptL 
But the total reinforcement shall not be less than (Xve- Tc) b 2 Sdosv 
The spacing of the stirmps shall not exceed the least of xi, (xi+yi)/4, and 300 mm, where 
xi and yi are the respectively the shorter and long dimension of the stirmp. 

(b) At the point of maximum shear (supports): 

Shear stress Xv= Fo /brf drf 

Xv should be always less than Xc max, otherwise the section is to be redesigned [16] 

If Xv > Xc, then shear reinforcement is necessary, otherwise minimum shear 
reinforcements are to be provided [16]. 

V c ^ brf drf 

Design shear force (Vs) = Fo - Vc 
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The spacing of stirrups (Svi) = (cfsv x Asvi x drf)AAs 
Where Asvi= area of 4-leggd stirrups. 

(c)At mid-span: At the mid-span, shear force is zero. Hence minimum/nominal 
reinforcement are to be provided. 

Minimum shear reinforcement in the form of stirrups shall be provided such that [16] 
^sv2 . 0-4 

Where Asva = total cross-section area of stirrups legs effective in shear, 

Sv 2 = stirrups spacing along the length of the member, 
b 2 = breadth of the beam or breadth of the web of flanged beam, and 
fy = characteristic strength of the stirrup reinforcement in N/mm^ which shall 
not be taken greater than 415 N/mm^. 

Maximum spacing of shear reinforcement measured along the axis of the member 
shall not exceed 0.75 d. In no case shall the spacing exceed 300mm. 
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Chapter 4 

Algorithm for the Design of Water Tank 

4.1 Introduction 

Design process of any structure require step by step procedure, which could be 
represented in the form of an algorithm for better understanding the whole procedure 
involved in the design, and also in developing computer program code (software). Design 
of water tank is done in three different stages. In the first stage, the design for the 
container is made. Then in the second stage, design for staging is done. Finally, 
foimdation is designed after getting all gravity loads and lateral loads actit^ on the 
structure. In this study, the algorithm is developed for the Intze water tank supported on 
staging, foundation on an annular raft-type foundation. 

4.2 Algorithm for the Container Design 

The algorithm for the container design is developed keeping in view the sequences that 
one involved starting from preliminary design for selecting of the different dimensions 
followed by the steps for analysis and final design 

4.2.1 Selection of Container Dimensions 

The preliminary selection of container dimensions can be made using the methodologies 
presented in the Chapter 2. In the present study options are kept in the algorithm, for 
selection of dimension by the designer. 
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4.2. 1.3 Flow chart according to U.P.R.N.L. [8] 



4.2.2 Computation for Stresses and Reinforcements 

After obtaining the dimensions of container, the next step is to compute the stresses and 
reinforcements of the container. The stresses and reinforcements of the container are 
computed using membrane and continuity analysis and the design is completed with due 
checks for the permissible stress limits. The flow chart is explained in detail below: 
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Compute: Mn, Hn, Hi2,Mi2,P',p\v.vi/bd,5bd, 
M,3, H,3, H,4, M,4 


















* Input: Out put from section (4.2.1), t, L.L, y^, Oper, A0, Ost, Otc, m, bj, w, tw, min, h, ds, 
tcon? tbd, bz, d 2 , Cl, C 2 , C 3 , Tc, Tc ,max3 E, Mbal, 

* Print: All forces in memebers, Area of reinforcements. Spacing of reinforcements. 
Dimension of members. 


4.3 Algorithm for staging design 

In this section the algorithm for the design of staging is presented. The columns and 
braces are designed for both gravity and lateral loads, and are also checked for safety. 
The flowchart is explained in detail below. 



Ill 
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Input: Out put from section (4.2.1 & 4.2.2), y , n,, x., d,, y,,hr, d^, Vy, p,,P, I, Fo,Sa/g, 


* Print; All fbrses and stress in members, Area of reinforcement, Spacing of 
Reinforcement, Dimension of members. 


4.4 Algorithm for design of foundation 

After designing the superstructure, the last step is designing the foundation of water tank. 
The maximum load coming from the superstructure is taken for the design of foundation. 
The following flowchart can be used to find the dimension and reinforcement of 
foundation, which is given in detail below. 
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j Print* 




Stop 


) 


*Input: Output jfrom section (4.2.1 & 4.3), W*ni, W?, Wn, W25, q, A<i>, Ci, C2, C3, Xc, 


Tcmaxj Ujt, brf, (Irf. 


*Print: Dimensions of foundation, upword forces on foundation, forces on different 
members of foundation, area of reinforcement, spacing of reinforcement. 
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Chapter 5 

Summary and Conclusions 

In the present study a standard design algorithm for the design of Intze tank is developed 
based on the review of available codal recommendations, analysis methodology and 
design data. The algorithm has got the capability to produce complete design for Intze 
tanks of different capacities. 

The algorithm is developed and presented in the following three parts: 

The first part gives the sequential and step-by-step methodology for the 
selection of container dimensions, and the computations for stresses and reinforcements, 
including the provisions for the needed iterations, if any, to satisfy the limitations of 
stresses. 

The second part starts with the inputs obtained from first part and, 
gives the subsequent sequential steps for the designs of columns and braces, with 
required iterations, whenever needed, to satisfy the limitations of stresses. 

Finally, the third part of algorithm presents the step-by-step 
procedure for the complete design and related checking for soil bearing pressure and 
material stresses, using the inputs from the second step. 
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SCOPE FOR FUTURE WORK 


1. Development of a computer programme based on the algorithm presented in this 
thesis. 

2. Revision of the presently algorithm for incorporating other types of supporting frame. 

3. Revision of the presently algorithm for incorporating other types of foundations. 
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